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the present time acute respiratory
diseases account for a very signifi-

cant proportion of potentially prevent-
able human illness and their effects
represent a substantial economic loss to
society. The probable relationship of
many of these diseases to the air-borne
route of contagion has stimulated the
development of techniques of aerial dis-
infection. Since popular interest in such
methods has been aroused by reports of
the germicidal action of the vapors of
various chemical compounds, it is
thought timely to summarize briefly the
present knowledge concerning one of
these agents, namely, triethylene glycol.
The first report of the bactericidal

effect of triethylene glycol vapor on air-
borne microorganisms was made by
Robertson and his associates in 1943.1
Earlier studies 27 had been made utiliz-
ing propylene glycol vapor in which
rapid killing of air-borne pathogens was
demonstrated. However, when an evalu-
ation of related compounds was made,
triethylene glycol was found to be most
suitable because smaller concentrations
were required.
Triethylene glycol is a glycol-

ether of the following structure:
* Presented at a Joint Session of the American

School Health Association and the Engineering, Epi-
demiology, Industrial Hygiene, and School Health Sec-
tions of the American Public Health Association at the
Seventy-seventh Annual Meeting in New York, N. Y.,
October 28, 1949.

HOCH2CH2OCH2CH2OCH2CH2OH. It
has a boiling point of 2900 C. and a
vapor pressure of 0.001 mm. Hg at 220
C. Pure triethylene glycol is odorless
and tasteless and is an extremely hygro-
scopic substance. Because of its low
vapor pressure, vaporization is usually
accomplished by heating. Triethylene
glycol vapor has no deleterious effect on
fabrics, books or surfaces in the environ-
ment in which it is present.
In vitro studies8 have shown that tri-

ethylene glycol has a moderate germi-
cidal potency against broth cultures of
respiratory pathogens. The bactericidal
action does not become apparent until
concentrations greater than 20 per cent
by volume are used. Thus, the in vitro
germicidal action of triethylene glycol
is of a much lower order of magnitude
than that of the commonly used disin-
fecting agents. An interesting phenome-
non was noted, namely, that a minimum
quantity of water is necessary for rapid
lethal action. This finding may be of
significance in terms of the mechanism
of action of the glycols.
Under controlled laboratory condi-

tions, triethylene glycol vapor has been
found to exert a rapid lethal action
against a wide variety of air-borne infec-
tious agents. The bacteria found to be
susceptible to glycol vapor include pneu-
mococci, Types I, II, and III; beta-
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hemolytic streptococci, Groups A and
C; alpha streptococci; staphylococci;
influenza bacilli; Escherichia coli; and
Bacillus aerogenes.1'9 The virucidal
effects of triethylene glycol vapor have
been demonstrated against the viruses of
influenza, PR8 strain1; meningopneu-
monitis 10; and psittacosis.11 Bigg and
Mellody12 have reported on the fungi-
cidal action of high concentrations of
triethylene glycol vapor. Further studies
will result in useful information concern-
ing the susceptibility of other air-borne
infectious agents.

Experiments designed to evaluate the
toxicity of triethylene glycol by inhala-
tion and ingestion in monkeys and rats
have been reported.13 These tests were
carried on for more than a year and no
evidence of significant toxicity was ob-
tained. Because the amounts necessary
for bactericidal action in the air are so
minute, the quantity of triethylene glycol
retained by inhalation never approaches
a toxic level.
The mechanism of aerial disinfection

by the glycols was analyzed in detail by
Puck,14 and he demonstrated that it is
the vapor phase which is essential for
such action to occur. Puck stated that
" the effectiveness of any compound as
an aerial germicide depends upon the
extent of condensation of its vapor on
air-suspended bacteria, and on the rate
at which the resulting concentration of
germicide can produce death of the
microorganisms." A low vapor pressure,
high hygroscopicity, and toxicity for
bacterial metabolism were the properties
cited by Puck as being required of a
compound if it were to be an efficient
aerial disinfectant. It can be seen that
triethylene glycol adequately fulfils two
of these criteria and, although a weak
germicide, is sufficiently toxic to produce
effective killing.

Wise, Puck, and Stral15 have devel-
oped a method for determining the tri-
ethylene glycol content of the air. The
air is bubbled through water, and the

aqueous solution of glycol thus obtained
is mixed with a solution of potassium
dichromate in sulfuric acid. The extent
of reduction of the dichromate solution
is proportional to the concentration of
glycol in the air. While useful, this
method is not specific, and requires the
sampling of large quantities (ca 300
liters) of air. Recently, a more sensitive
test has been developed 16 in which con-
centrated sulfuric acid is used as the
sampling medium. The acid, containing
triethylene glycol, is treated with alpha-
naphthol; and the depth of the yellow
color formed is proportional to the con-
centration of the glycol. Usually, only
30 liters of air are required for a sample.
It is reported that this test has an
accuracy of 5 per cent in the range of
1 to 10 micrograms of glycol per liter
of air. The characteristics of air con-
taining both glycol and water vapor
form the basis of an analytical instru-
ment called a " glycostat " or " glycom-
eter." 17 This instrument is primarily a
research tool at present. It is quite com-
plex and expensive and, while it has
been in use in our laboratories for a
number of years, it is not yet commer-
cially available.

Factors which determine the avail-
ability of triethylene glycol vapor for
condensation upon air-borne particles
will influence the rate at which aerial
disinfection can occur. The concentration
of glycol vapor in the environment, rela-
tive humidity, temperature, and rate of
ventilation all affect the attainment of
a satisfactory disinfection rate. Because
of the importance of these features, each
will be discussed in some detail.

CONCENTRATION OF GLYCOL VAPOR
Minute quantities of triethylene glycol

vapor (2 to 5 ,ug. per liter of air) are
sufficient to produce maximal rates of
bactericidal action. The explanation for
this lies in the low vapor pressure of
the glycol which leads to saturation of
the air with low concentrations. The
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more closely the saturation level is ap-
proached, the greater will be the extent
of condensation of glycol vapor on par-
ticles suspended in the air and, conse-
quently, the more rapid the destruction
of air-borne micro6rganisms. Fogging
will become apparent if the concentration
of glycol is kept near or above the
saturation level. Thus, the appearance
of a pronounced fog may be taken as
evidence of excessive vaporization of
glycol. However, in environments where
no means of control of the glycol con-
centration are available, the presence of
a slight fog will be the only indication
that adequate amounts of vapor are
present in the air. Aside from esthetic
reasons, there is no harm inherent in
such a fog.

RELATIVE HUMIDITY
The concentration of triethylene gly-

col vapor which saturates the air is
determined by the relative humidity.
Thus, at 0 per cent relative humidity the
air is capable of containing a maximal
amount of glycol vapor determined by
the vapor pressure of pure triethylene
glycol-8.5 pg. per liter at 220 C.18
However, at 100 per cent humidity no
glycol can be present in the vapor state.
Furthermore, the relative humidity limits
the maximum concentration of glycol
which can accumulate within the air-
borne particle. The glycol-water content
of the particle must always maintain an
equilibrium with the vapor concentra-
tions of these substances in the air. This
latter phenomenon has practical signifi-
cance because there are data available 19
to indicate that glycol vapor is much
less effective at humidities above 60 per
cent.

In summary, it may be stated that the
relative humidity plays a dual role in
determining the bactericidal action of
glycol vapor, in that (1) it controls the
saturation concentration according to
physico-chemical principles; and (2) at
high humidities the particles in equi-

librium contain so much water that
highly bactericidal concentrations of
glycol are unattainable.
The data obtained from experiments

utilizing atomized broth cultures of
Group C hemolytic streptococci under
controlled conditions indicate that maxi-
mum rates of bactericidal action of
triethylene glycol vapor will be secured
at humidities ranging from 20 to 50 per
cent and at concentrations above 50 per
cent saturation (2-5 ug. per liter).19
When the particles containing the micro-
organisms have been subjected to pro-
longed desiccation, experimental data
suggest that somewhat higher humidities
are compatible with effective rates of
kill, provided adequate concentrations
of vapor are maintained.20

EFFECT OF TEMPERATURE
The influence of environmental tem-

perature has been studied within the
range of 55 to 850 F.19 These levels
were selected because they represent the
extremes encountered in human habita-
tions. There was a progressive increase
in the rate of bactericidal action as the
temperature was increased. At a con-
stant saturation level of glycol vapor
there was found to be approximately a
twofold increase in the rate of bacteri-
cidal action with each 15° F. of thermal
rise.

EFFECT OF VENTILATION
Another factor of importance in the

attainment of adequate rates of aerial
disinfection with glycol vapor is the
quantity and quality of ventilation in
the treated environment. Obviously, the
rate of ventilation as determined by air
changes per hour must be considered in
the calculation of vapor outputs to be
used. Under conditions of constant out-
put of vapor, the loss of vapor due to
air exchange is exponential and can
represent an obstacle to the maintenance
of adequate bactericidal concentrations.
For example, assuming a ventilation rate
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of 1.5 air changes per hour and a con-
stant rate of production of vapor, at the
end of one hour 77 per cent of the vapor
produced has been lost by ventilation
alone. At 3.0 air changes per hour the
loss will be 95 per cent at the end of the
first hour. Fortunately, if there were
concomitant, constant production of
bacterial contamination of the air, there
would be an equal dilution of the bac-
terial population at the ventilation rates
cited.

Conditions of ventilation which lead
to the existence of stagnant pockets of
air and drafts with marked irregularities
of mixing can lead to obvious difficulties
in maintaining bactericidal concentra-
tions. These faults can be corrected by
the proper use of fans and blower sys-
tems to insure that the air in all parts
of the treated environment will contain
a uniform concentration of glycol vapor.

FACTORS OF IMPORTANCE IN THE DESIGN
OF VAPORIZING UNITS

The slow rate of evaporation of tri-
ethylene glycol gives rise to difficulties
in the production of adequate quantities
of vapor. Various techniques have been
devised to increase the rate of conversion
of liquid glycol into vapor, and, at the
present time, heat is commonly used for
this purpose. However, there are certain
precautions which must be observed in
the use of heat for glycol vaporization.
Although the boiling point of pure tri-
ethylene glycol is approximately 550°
F., decomposition of the material be-
comes significant at temperatures well
below this value as indicated by the
development of an acrid odor or dis-
coloration of the liquid glycol. Initially
it was felt that 2600 F. should represent
the maximum temperature used for gly-
col vaporization.21 However, under ex-
perimental conditions, we have observed
no apparent decomposition of triethylene
glycol when temperatures up to 2900 F.
were maintained at the site of vaporiza-
tion, provided the vaporizing unit was

designed so that heat was applied to the
liquid glycol only at the point of vapor
formation. On the other hand, decom-
position was frequently observed when
the vaporizing temperature was raised
above 290° F. or when liquid glycol was
kept above 1200 F. for long periods of
time.
The precise nature of the decomposi-

tion products is as yet unknown but
they may well be irritant or toxic and
their formation should be avoided. For
this reason it is felt that a limit of 2900
F. should be applied to the temperature
employed in vaporization and, further-
more, that liquid glycol should not be
heated above 1200 F. for long periods
of time.

Continuous vaporization is required
to maintain adequate concentrations of
glycol vapor in the treated environment.
The loss of vapor due to condensation on
surfaces and air-borne particles and
dilution, as a result of ventilation, are
so great that intermittent methods of
vaporization are inefficient and unreli-
able. The continuous operation of the
vaporizer requires the addition of a suit-
able glycol reservoir to the unit, other-
wise frequent refilling becomes necessary.
To prevent decomposition of glycol in
the reservoir, its temperature should be
kept below 1200 F. If this limit is ob-
served, the glycol in the reservoir will
show little change over long periods of
time.

Because of the low vapor pressure of
triethylene glycol there is a marked
tendency for the vapor to condense upon
cool surfaces and particulate matter in
the air. This leads to an appreciable
loss of vapor from the air and requires
the vaporization of quantities several
times greater than those theoretically
calculated to produce a desired concen-
tration in a given volume of air. In
environments with large areas of cool
surfaces, such as windows, the loss of
glycol from the air will be correspond-
ingly greater.
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In an effort to demonstrate the extent
of this loss a series of experiments was
performed in a chamber of 640 cu. ft.
volume.22 * Triethylene glycol was va-
porized at uniform rates from a constant
delivery syringe under varying condi-
tions of ventilation. The temperature
employed for vaporization was 285° F.
The air was analyzed for glycol content
at frequent intervals and the results ob-
tained were compared with the concen-
trations theoretically calculated to be
present under the existing conditions of
ventilation. The theoretical concentra-
tions were calculated on the assumption
that complete mixing of vapor and air
occurred and that the only losses were
those due to air exchange.

Rates of vaporization ranging from
0.14 to 1.1 gm. of glycol per hour and
ventilation rates ranging from 0 to 2 air
changes per hour were studied. In all
instances the analytical concentration of
glycol vapor was less than 30 per cent
of the theoretical value. The results of
a typical experiment are shown in Figure
1 in which glycol was vaporized at the
rate of 0.58 gm. per hour in the 640 cu.
ft. chamber with a ventilation rate of
2.0 air changes per hour and a humidity
of 20 per cent. It will be noted that this
rate of output was barely sufficient to
maintain bactericidal concentrations of
glycol vapor in the air under the condi-
tions of the experiment.

It is essential that the rate of glycol
vaporization should be sufficient to main-
tain bactericidal concentrations in the
treated environment at all times. The
output required for this purpose will
vary in different environments, as well
as under varying conditions of tempera-
ture and humidity. For these reasons a
given vaporizer should be capable of
various outputs as measured by the
grams of liquid glycol vaporized per
hour. For small vaporizing units, the

*The detailed presentation of the data obtained in
these experiments will be the subject of a report to be
made at a later date.

output should vary from a minimum of
0.5 gm. to at least 2.0 gm. per hour of
liquid glycol vaporized per 1,000 cu. ft.
of volume to be treated. These high
rates of output are desirable for the pur-
pose of securing bactericidal concentra-
tions in less than one hour after the
unit is put into operation and also to
compensate for the rapid loss of glycol
vapor from the air. Furthermore, a single
small vaporizer should not be used for
more than one room or for a volume
greater than 4,000 cu. ft.

It becomes apparent that the design
of a vaporizing unit is of considerable
importance in the production of adequate
quantities of glycol vapor. The tempera-
tures employed for vaporization, as well
as those attained by the liquid glycol
in the reservoir, should be carefully con-
trolled. Furthermore, care should be
taken to eliminate all fire hazards in the
electrical circuits and the unit should be
capable of continuous operation over
long periods of time. The ultimate re-
quirement, however, is that a given va-
porizing unit should maintain bacteri-
cidal concentrations of glycol vapor in
the air of the space for which it is de-
signed.
When glycol vaporization is to be

applied to large areas, such as entire
wards or laboratories, the most practical
solution is to incorporate a large va-
porizing unit or units into the air con-
ditioning system. Care should be taken
to provide adequate mixing of the
treated air and direct measurements of
the glycol content of the air should be
made periodically to insure the main-
tenance of bactericidal concentrations.
Under conditions where chemical

analyses are impractical, the presence of
a slight fog is essential. The presence
of such a fog is not harmful and usually
will not be detected unless the observer
uses a collimated beam from a brilliant
light source. A slight fog would represent
the only certain evidence for the presence
of bactericidal concentrations of glycol
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FIGURE 1-Relationship between theoretical (calculated) and analytical concentra-

tions of triethylene glycol obtained in the experimental chamber. Condi-
tions of the experiment were as follows: volume = 640 cu. ft.; two air
changes per hour; relative humidity = 20 per cent; rate of glycol
vaporization = 0.58 gm. per hour.
Saturation of the air under these conditions equals 5.1 Ag./liter.

vapor. The absence of a fog under such
circumstances would suggest the possi-
bility of inadequate vapor concentra-
tions and be an indication for increasing
the vaporization of triethylene glycol.

ADJUNCTIVE MEASURES
Field studies 23-30 have indicated that

complete sterility of the air is not attain-
able with the use of glycol vapor. How-
ever, in every instance in which com-

parisons were made, it was observed that
the aerial contamination was less in the
glycol treated than in the control areas.

It is believed that the majority of the
air-borne organisms which appear to re-

sist the bactericidal action of glycol
vapor are dispersed as dried particles
from dust reservoirs. This observation
leads to the conclusion that oiling of the
bedclothes and floor should be used as

an adjunct to glycol vaporization. When

this is properly done, as was shown by
Puck and associates,24 the aerial con-

tamination approaches a minimum.
The epidemiologic studies on the ef-

ficacy of triethylene glycol vapor in the
prevention of respiratory disease indicate
that the greatest protection occurred in
environments with the least opportunity
for contact infection.23-26 The studies
which were made in environments in
which there was greater opportunity for
contact to occur show much less striking
protection against infection on the part
of glycol vapor.27-0 This result is to be
anticipated and suggests the continued
necessity for adequate standards of per-
sonal hygiene in the presence of bacteri-
cidal concentrations of glycol vapor.
The use of triethylene glycol vapor for

aerial disinfection presents few problems
from a technical point of view. When
the physical requirements for the main-
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tenance of bactericidal concentrations
of the vapor are fulfilled, and the proper
adjunctive measures applied, significant
diminution in the air-borne bacterial
contamination of the treated environ-
ment can be anticipated. This observa-
tion is of significance in situations where
the opportunities for air-borne trans-
mission of infection are great, such as in
hospitals; particularly in communicabli
disease wards, nurseries, pediatric units,
operating rooms and crowded dispen-
saries. Other environments, for example,
schools, offices, and crowded dwellings,
offer interesting possibilities but, until
more controlled observations are avail-
able, little can be predicted as to the
benefit which can be derived from the
use of glycol vapor in such locations. In
many environments infections are spread
by routes other than the inhalation*f
air-borne microorganisms. Under these
circumstances, the benefits to be derived
from the use of glycol vapors may well
prove to be negligible.

SUMMARY
1. The significance of such factors as
relative humidity, temperature, and ven-
tilation in the use of triethylene glycol
vapor for aerial disinfection is discussed
and the necessity for maintenance of
germicidal concentrations in the air of
the treated environment is emphasized.
2. Certain features of design applicable
to suitable vaporizing units are described
and the avoidance of conditions leading
to decomposition of liquid triethylene
glycol is stressed.
3. The use of oiling of floors and bed-
clothes and the maintenance of high
standards of personal hygiene are indi-
cated as desirable adjuncts to the use of
triethylene glycol vapor for aerial disin-
fection.
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Beirut University to Expand
The American University in Beirut,

Lebanon, is the largest American edu-
cational institution outside the United
States. Plans have recently been made
for establishing an engineering school, a
school of public health, and an agri-
cultural school. Funds have been pledged
for the engineering school, which it is
expected will eventually graduate 50 en-
gineers annually. Three new courses in
agricultural and irrigation engineering,
electrical engineering, and petroleum en-
gineering will train men to participate
in the development of the area's natural
resources.
On the basis of a report by Henry E.

Meleney, who spent a semester at the
university in 1949 surveying public

health educational problems in the Mid-
dle East, the Rockefeller Foundation
has made a grant of $50,000 as a nucleus
for a school of public health administra-
tion. For the present a laboratory will
be established, courses in public health
given, and expenses for survey trips in
the area will be made available. At
the present time each medical school
student must take at least one course in
public health problems.
The aim of the university's new pro-

gram is to develop the resources of the
Middle East and combat the poverty
and disease that make it one of the
world danger spots. President of Ameri-
can University is Stephen B. L. Penrose,
Ph.D.


